Editor's key points † An important aspect of the quality of anaesthetic care is the satisfaction of the patient with their care. † The authors have developed and validated a questionnaire of patient perceptions of the quality of their care. † Important features of the patient experience were identified. † Feedback of patient perceptions to anaesthetists was associated with improved patient experiences.
Utrecht, The Netherlands). 26 -32 The distinctive feature of this process strictly restricts item generation and ranking to patients, without the input of experts. It can be difficult to determine the validity of a satisfaction instrument. 24 25 One approach is to compare the new instrument with other psychometric tools or with statements of overall satisfaction. 24 We propose a novel additional test of validity. A valid satisfaction instrument should contain information about the concept that is being measured, in this case, the patient's perception of the quality of anaesthesia. If this is true, effective feedback of this information to anaesthetists might be expected to change the patient's perception of the quality of anaesthesia. Therefore, the primary aim of this study is to develop and validate a short instrument the Perception of Quality in Anaesthesia (PQA) that can be used to measure the patient's PQA. Our method will also allow us to identify the most important aspects of anaesthesia quality from the patient's perspective, and to determine if the PQA differs from those instruments that have not been developed using the QuOTE methodology.
Methods
This study was approved by the Sir Charles Gairdner Hospital Human Research Ethics Committee (reference: QI project 2107). The approval was given as per the National Statement on Ethical Conduct in Human Research (5.1.22). Consent was obtained from all patients who participated. The requirement for written consent was waived by the Ethics Committee. A high level of data security and confidentiality was maintained.
Sir Charles Gairdner Hospital is a university-affiliated tertiary institution with all adult surgical specialities except obstetrics and gynaecology. The Department of Anaesthesia employs 50 consultant anaesthetists (35 full-time equivalents) and 40 trainees (registrars or fellows) providing 13 500 episodes of anaesthesia care per year and an acute pain service.
This report is in two parts ( Fig. 1 ). In the first part, we describe the derivation and validation of the PQA. In the second part, we report further evidence of construct validity using a before-and-after study to test the usefulness of PQA-derived information.
Part 1: derivation and validation of the PQA

Generation and ranking of items
The identification of attributes considered important from the patient's perspective was based on the methodology used in the QuOTE series of studies. These studies identify aspects of the quality of care from the patients' perspective in several specialities. 26 -32 For this part of the study, we asked patients and members of the general public to describe any attributes they would consider important for 'high quality anaesthesia'. The interviews were performed face to face and by e-mail. The participants were recruited from the authors' medical practice, and non-medical contacts, selecting individuals with the time and interest to participate. Recruitment continued until no new attributes were being generated. The attributes generated were then printed onto a pack of cards, which were used by a different set of participants to rank the attributes in order of importance. This process was terminated when the highest ranked attributes had been reliably identified. For each attribute, the mean rank was calculated. This defined the importance score for each attribute. We then used the 12 top-ranked attributes to generate questions for use in a pilot questionnaire. Note that the highest ranked attribute 'I shall not die' was considered selfevident, and excluded from the questionnaire. The pilot study assessed wording, understanding, practicality, feasibility, and patient acceptance before writing the final version of the questionnaire. These 12 questions constitute the PQA.
After completion of the pilot questionnaire, consecutive patients were included in a 4-week validation group. During the validation phase of the study, all participants were invited to suggest additional questions that they would consider more important than those in the questionnaire. Internal reliability was measured by computing the internal consistency of those items that we expected to be related using Cronbach's a. Principal component analysis was used to determine the factors assessed by the PQA. Test-retest reliability was assessed in a convenience sample of 100 patients re-interviewed after an interval of at least 4 h and no longer than 1 day. A content validity study was performed with a separate sample of postoperative patients, and a sample of medical experts (consultant anaesthetists and senior postoperative nursing staff), who were asked to rate from 'extremely unimportant' to 'extremely important' each PQA question on a five-point scale.
Execution of the questionnaire For each question, the patient was asked to respond using a five-point Likert scale. The extremes of the scale were labelled 'very poor' to 'very good' or 'definitely not' to 'definitely yes' depending upon the question. The postoperative nausea or vomiting (PONV) responses were: none, nausea only, retching, vomit once, and vomited more than once. Risk was labelled as 'no risk', 'low', 'medium', 'high', or 'very high'. The pain questions had visual analogue scales with ends labelled 'no pain' and 'constant, severe pain' (pain during regional anaesthesia question) or 'excellent' and 'very bad' (postoperative pain management question).
For comparative purposes, we asked two questions to determine overall satisfaction with the anaesthesia experience, 'How would you rate your anaesthetic experience overall?' and 'Would you recommend your anaesthetist to a good friend?'. We also asked two questions intended to determine the patient's overall anxiety and understanding of the risk of anaesthesia 'Were you nervous about having this anaesthetic?' and 'What level of risk did you think you were taking in undergoing anaesthesia?'.
The interview was conducted on the day after surgery by one of the four trained interviewers. Inclusion criteria were consecutive adult patients undergoing surgery requiring anaesthetic care in our operating theatres. This includes emergency surgery and out-of-hours cases. Exclusion criteria were patients ventilated after operation in our intensive care unit, and those with intellectual impairment requiring permanent care. Where possible, patients completed the questionnaire unaided. If assistance was required, a face-to-face structured interview was performed. All ambulatory cases required a telephone interview, if ambulatory patients could not be contacted by telephone, there were two further attempts at telephone contact later the same day and one the next. The nurses introduced themselves as a 'research nurse' rather than a member of the Department of Anaesthesia. The structured introduction emphasized that completion of the questionnaire was voluntary, there was no duress, and assured anonymityand confidentiality. The questionnaire was described as a project to 'identify areas of anaesthesia care that may need improvement'. The nurses also indicated that there was a separate avenue for complaint involving patient liaison services.
Patients who reported intraoperative awareness had an additional interview with one of the authors. A panel of anaesthetists categorized each report as probably, possibly, or definitely not aware.
Patient characteristic, anaesthetic, and perioperative details were recorded by the anaesthetist. Every data form was crosschecked against the anaesthetic record and operating theatre management system by one of the authors (G.H. or W.M.W.) to verify the accuracy of data. All data were entered into a purpose-designed database (designed by C.S.) using Filemaker Pro (FileMaker, Inc., Santa Clara, CA, USA).
Patient responses to each PQA Likert scale and visual analogue questions were scored from 1 to 5. 'Definitely not', or 'very poor' scored 1 and 'definitely yes' or 'very good' scored 5. Unsatisfactory patient responses were defined as a score of ≤3, any response 'yes' to the awareness question, or any description of nausea or vomiting in the PONV question. The performance score was defined asthe proportion of patients with an unsatisfactory patient response. A quality index was calculated for each PQA question by multiplying the importance score against the performance score. In theory, the quality index could vary from 0, where all patients considered the question unimportant, or all recorded a satisfactory response, to 10, where all patients considered the question of highest importance and all recorded an unsatisfactory response.
Part 2: evaluation of the PQA in a feedback study
This was a 48-week before-and-after study to determine if providing anaesthetists with information from the PQA was associated with any change in patient perception of the quality of anaesthesia. This is a stringent test of construct validity. If the PQA truly contains information about the patient's perception of the quality of anaesthesia, then we might expect that information should be useable by anaesthetists to modify their patients' perception. Before performing any feedback, we determined the performance score for each PQA question in a cohort of patients. Then, we performed a Quality of anaesthesia programme of individualized feedback of PQA performance scores to anaesthetists. This programme lasted for 6 months, and then all feedback was ceased. After this, we re-measured PQA performance scores in a cohort of patients.
The feedback of performance scores was restricted to anaesthetists. The data were conveyed in several ways: poster-displays, in non-patient areas, were used to highlight aggregate department performance. Discussion groups, involving the whole department, met at weeks 15, 25, and 35. Written individualized confidential reports were sent to all department members at weeks 21, 32, and 38. These reports described the aggregate performance scores reported by the individual anaesthetist's patients. The scores were reported together with a comparator which was the mean performance score reported by all patients during the relevant time period. Anaesthetists who performed subspeciality practice (e.g. orthopaedic or neurosurgery practice) also received an analysis of their performance in subspeciality cases with a comparison against the mean performance of other anaesthetists in the same subspeciality. We strictly avoided any administrative directives or process changes during the study.
The first feedback report described each individual's performance scores for all the PQA questions. However, participants considered the report was too complex, so feedback during the final 20 weeks involved a subset of PQA questions: the 'PONV' question; the 'postoperative pain management' question; the 'concerns about anaesthesia question'; the 'awareness' question; and the 'pain during regional anaesthesia' question (i.e. questions 2a, 2b, 3, 4, and 5 of the Appendix). The 'PONV' and 'postoperative pain management' and 'concerns about anaesthesia' questions were chosen because they had a high quality index. The awareness and pain during regional anaesthesia questions were chosen, because we could not exclude them as important components of the PQA at that stage of the investigation. Note that this subset includes questions from three out of the five dimensions of the PQA.
Statistical analysis
Statistics were calculated using SPSS Statistics 19 (IBM, New York, NY, USA). Central tendency was described by the mean and standard deviation for parametric data (BMI, duration of surgery); all other data were described by the median and interquartile range. Cronbach's a was calculated with data from negative questions recoded to be in the same direction as positive questions (more satisfaction having higher scores).
Principal component analysis was performed by eigenvalue decomposition with varimax orthogonal rotation of the data matrix. Principal component analysis is a statistical method that is used in exploratory data analysis to determine the structure of correlations within that data. 33 The analysis creates factors that are uncorrelated with each other, which also explain the maximum amount of variance in the data. This analysis was used to classify the component questions of the PQA into a smaller number of factors. For statistical analysis, an unsatisfactory response in any component question classified that factor as unsatisfactory.
In the content validity study, Aiken V, H, and R coefficients were calculated using the method described by Aiken. 34 The
Aiken content validity (V) coefficient is a linear transformation of the mean score by each rater, transformed to a scale, where 0 is the lowest possible rating score and 1 is the highest possible rating score. The Aiken homogeneity (H) coefficient is the sum of differences between raters, linearly transformed to a scale, where 0 is maximum possible differences between raters and 1 is no difference between raters. The Aiken repeatability (R) coefficient is the sum of differences between test-retest scores by each rater, linearly transformed to a scale, where 1 is no difference and 0 is maximum difference.
Multivariable analysis
We expected that the response to PQA questions might show associations with various aspects of medical care and patient characteristics. To take this into account, we performed a Poisson regression; 35 the dependent variable was the number of factors with an unsatisfactory response; the independent variables were various patient characteristic, past medical history, and surgical variables. The independent variables were chosen if, a priori, they were likely to have an association with anaesthesia quality or patient satisfaction.
Stepwise selection of variables was not performed.
Results
Part 1: identification of aspects of anaesthesia care considered most important from the patients' perspective
Generation, ranking, and pilot testing of PQA items
One hundred participants generated 52 items. These were ranked in order of importance by a further 20 participants. The pilot study included 45 patients and resulted in minor changes to the wording of the questionnaire. The wording of the final questionnaire is described in the Appendix.
Patient validation of the PQA
Patients were studied in October 2008. There were 714 patients who completed the questionnaire, out of 799 who met the inclusion criteria, response rate 89%. There was no difficulty conducting the questionnaire within 3 min. There were no adverse comments or requests for clarification about the questionnaire itself. No patient suggested additional questions that they considered more important than those in the questionnaire. All questions were completed on .98% of questionnaires with the exception of 'How would you rate the technical skills of your anaesthetist?' which was unanswered by 4%. The Pearson correlation coefficient for the test-retest responses was 0.88. The Aiken R coefficient for the PQA questions was 0.93 (P,0.0001). The two questions with the highest quality index were the 'PONV' question (quality index 2.3) and the 'pain management' question (quality index 1.04). The next highest quality index (0.3) was shared by several questions that related to communication with the anaesthetist.
Principal component analysis of the validation phase is described in Table 1 . It shows that five factors account for 72% of the variance in the questionnaire responses. All factors had eigenvalues .1. The factors can be summarized as follows: Factor A: attention/gentleness; Factor B: pain management; Factor C: information/confidence; Factor D: PONV; and Factor E: concerns addressed. Standardized Cronbach's a for the questions included in Factor A was 0.77, Factor C was 0.72, and Factor B was 0.37. The low Cronbach's a for Factor B indicates the component items, 'pain during regional anaesthesia', and 'pain management after surgery' are measuring distinct phenomena. For all the PQA questions together, Cronbach's a was 0.70. The Pearson correlation coefficients between each factor, the overall satisfaction questions, the anxiety question, and the perceived risk question, are presented in Table 2 , categorized by the anaesthesia technique used. Strong correlations were observed between the factors included in the PQA and the overall satisfaction questions. Few correlations were observed between the PQA questions and the patient's perception of risk and anxiety. Patients who were anxious or who considered themselves to be at higher risk reported more PONV, and patients who considered themselves to be at higher risk considered their concerns to be less well addressed. Correlations were similar for patients undergoing general anaesthesia (GA) and patients undergoing regional anaesthesia.
Content validity study
Thirty postoperative patients and 54 medical experts participated in the content validity study. The postoperative patients assessed the PQA questions with a mean Aiken V coefficient of 0.84 (P,0.0001) and H coefficient of 0.62. The medical experts Variance explained 23% 11% 19% 9% 10% Table 2 The Pearson correlation coefficients between the mean performance scores for each PQA factor, two overall satisfaction questions, and patient self-described anxiety and risk perception. Factor A is attention/gentleness, Factor B is pain management, Factor C is information/ confidence, Factor D is PONV, Factor E is concerns addressed, Recommend anaesthetist is the patient response to 'Would you recommend your anaesthetist to a good friend?', Overall rating is the patient response to 'How would you rate your anaesthesia experience overall?'. 
Part 2: evaluation of the PQA in a feedback study
This part of the study was conducted between November 2008 and October 2009. For the pre-and post-feedback groups, patient characteristic and surgical characteristics are described in Table 3 , anaesthetic characteristics in Table 4 , and the proportion of unsatisfactory responses to each PQA question are described in Table 5 .
Pre-feedback group
The pre-feedback group were studied during weeks 1-14 of the project. This included a holiday period with reduced elective surgical services. There were 2359 patients who met inclusion criteria, of whom 2046 consented to the study and returned a questionnaire (response rate 87% 
Feedback group
The feedback part of the study was performed during weeks 15 -39. There were 4251 patients who returned a questionnaire.
Post-feedback group
The post-feedback group was studied during weeks 40-48 of the project. There were 1721 patients who met inclusion criteria, of whom 1421 returned a questionnaire (response rate 83%). There were 502 patients (35.0%, 95% CI 32.6-37.6) who reported unsatisfactory performance in at least one factor of the PQA, 79 (5.6%, 95% CI 4.5-6.9) reported unsatisfactory performance in two or more factors, and 13 (0.9%, 95% CI 0.5-1.6) in three or more factors. In comparison with the pre-feedback phase, fewer patients recorded unsatisfactory responses for each question except 'awareness under general anaesthesia' and 'pain during regional anaesthesia'. Similar pre-and postfeedback differences were observed if the PQA was completed by interview, or after being left at the bedside. There were a number of differences in anaesthetic management between the pre-and post-feedback groups. More patients received intraoperative 5HT 3 anti-emetics in the postfeedback group than in the pre-feedback group (62% vs 45%, 95% CI of the difference 14-21%), more inductions of anaesthesia where the consultant assisted the trainee (61% vs 42%, 95% CI of the difference 1-23%), less patients with morphine as the intraoperative opioid (6% vs 10%, 95% CI of the difference 2-5%), more patients who had tracheal intubation (51% vs 46%, 95% CI of the difference 2-9%), and more patients receiving total i.v. anaesthesia (10% vs 8%, 95% CI of the difference 0-4%).
The pre-and post-feedback groups differed in several important patient characteristic and surgical variables. The multivariable analysis that takes these potential confounding factors into account is reported in Table 6 . This analysis estimates that patients in the pre-feedback group reported unsatisfactory PQA responses at a 45% higher rate than the postfeedback group.
Awareness during anaesthesia
Only one patient reported awareness during GA in the validation group and eight patients during the whole study. Because this response was so rare, we could not include it in the multivariable analyses. The expert panel classified one of these patients as probably aware, with a short period of painless awareness during unexpected difficult tracheal intubation. Six patients were classified as possibly aware. All of these patients described their overall anaesthetic experience Quality of anaesthesia as good or very good, and all would recommend their anaesthetist to a good friend. One patient was classified as not aware. The overall incidence of probable awareness was 0.01%, and possible awareness was 0.07%.
Discussion
We have developed a short instrument to measure the patient's perception of the quality of anaesthesia and demonstrated that it is valid and reliable. We have identified the most important features of the patient's perception of anaesthesia quality as communication with the anaesthetist, avoidance of PONV, and postoperative pain management. The aspects of communication that are most valued are gentleness and attention, information and confidence, and addressing the patient's concerns. It can be difficult to determine if any psychometric instrument truly measures what is intended because there is usually no gold standard that can be used as a reference. We used multiple conventional methods to assure this aspect of validity. In addition, we took the novel step of testing the PQA in a prospective before-and-after study. This step allowed us to confirm the proposition that if the PQA contains useful information about the patient's perception of anaesthesia, then knowledge of that information should change anaesthesia practice so that patients perceive higher anaesthesia quality.
There are several possible weaknesses in our beforeand-after study. The replicability of our findings is uncertain because we did not perform a power calculation before starting the investigation. The before-and-after part of our study would have been stronger had we been able to include a parallel group of patients treated by anaesthetists who were not exposed to feedback of PQA information. It could be argued that we observed a Hawthorne effect, but this is very unlikely. It was anaesthetists who were exposed to the study interventions, while the study data were generated by patients. Each individual patient had only brief exposure to the study. Patients at the end of the study had the same limited exposure to the study as those at other stages. It is possible that the interview staff introduced bias, but we observed the same before-and-after changes when the questionnaire was left by the patient's bedside, without a face-to-face interview occurring.
The interpretation of the before-and-after study was confounded by patient characteristic and surgical differences between the pre-and post-feedback groups, which most likely occurred because of seasonal differences in the operating theatre workload. There were also treatment differences between these groups, which may have occurred because anaesthetists changed their practice as a result of feedback of PQA data, for example, the use of effective anti-emetics and the higher proportion of inductions where both consultant and trainee were present. Multivariable analysis shows that even after taking confounders into account, patients in the postfeedback group were less likely to return unsatisfactory PQA evaluations. This analysis also demonstrates that patients were less likely to give an adverse rating of their experience if they underwent shorter surgery, were male, older age, and had less preoperative anxiety. This has been observed previously. 36 Several instruments have been developed to measure patient satisfaction with perioperative care, 15 16 quality of recovery from anaesthesia, 18 19 maternal satisfaction with Caesarean section, 17 and satisfaction with routine adult anaesthesia care. 8 -14 The existing validated instruments intended to measure patient attitudes to routine adult anaesthesia 8 -14 aim to measure all aspects of satisfaction. Attributes that are not obvious to patients are identified using the opinions of anaesthetists, senior nursing staff, and psychologists. In consequence, these instruments can be quite lengthy, for example, 53 items taking 20 min to complete. 12 The PQA evaluates attributes that have been previously identified in many of these instruments; however, some factors are not included, for example, waiting/ delays, 8 10 12 recovery nursing care, 10 12 continuity of care, 10 12 and emotional support. 11 Items addressing these aspects of care were not ranked highly enough to be included in the PQA, which is designed to maximize effectiveness while remaining easy to administer. 43 Lee and colleagues 44 asked preoperative patients to assess several hypothetical scenarios, and used conjoint analysis to demonstrate that patients ranked PONV and pain as the most important anaesthesia outcomes to avoid. It is not in the scope of this study to contrast patients' opinions about anaesthesia with medical experts'. However, the attributes of high-quality anaesthesia identified in the present study appear quite different from those valued by anaesthesia educators, 6 anaesthetic nurses, 7 and surgeons. 45 Importantly, patients cannot be expected to accurately evaluate technical competency, nor safe practice. There are several methodological implications of our study. We tested the information in the PQA by using it to inform practitioners of their performance and observing if this resulted in an improvement in patient perceptions of anaesthesia. This method could be used to validate other measures of patient satisfaction. In doing this, we confirmed a related assumption, that individualized, repeated feedback of patient-satisfactionrelated performance to health practitioners can improve the patient's experience. Although this assumption underpins much quality-improvement work, there is surprisingly little scientific data to confirm this effect in anaesthesia. 46 For example, Heidegger and colleagues 47 studied 1501 patients at three hospitals as a follow-up to a control study of 2534 patients. They had previously identified information/ involvement in decision-making as the worst problem area. In this study, no improvement in satisfaction was seen, despite quality improvement interventions that included an expert meeting at each hospital, improved patient information leaflets, and expansion of one hospital's pre-anaesthetic care unit. There are several practical implications of this study. Using the PQA in a well-conducted quality improvement programme is likely to result in significant improvements in the patient's perception of anaesthesia. The magnitude of the change we observed was large and occurred without the introduction of new drugs, personnel, clinics, or procedures. From the point of view of health regulators and prospective patients, the present study offers reassuring data about the modern anaesthetic experience. Even before PQA feedback, .95% of patients report satisfaction with their overall anaesthetic experience, close to 90% of patients are satisfied with their pain management and two-thirds of all patients do not experience nausea or vomiting. A proportion of the participants completed the instrument as a wholly self-completed form. It might further minimize resource use if the PQA was administered that way, although reduced response rates should be expected.
In conclusion, we have developed and validated a patientderived questionnaire using the QuOTE methodology to measure the patient's perception of anaesthesia quality. We have identified postoperative nausea and vomiting, postoperative pain management, and communication with the anaesthetist as the most important features of the patient's experience of anaesthesia. We have shown that the feedback of PQA performance scores to anaesthetists can lead to change in practice and improved patient experience.
